This paper empirically examines U.S. broad money demand, emphasizing the role of financial market risk. Broad money demand displays long-run stability after controlling for financial market factors. We show that money demand rises with the liquidity risk of stock markets or the credit risk of corporate bond markets. The financial risk model for money demand surpasses the traditional model in explaining the persistent fluctuations observed in broad money demand in the last 15 years. Also, the models estimated in an error-correction specification suggest that financial market risk affects substantially the short-term fluctuations of broad money demand since the early 1990s. JEL Classification Numbers: E41; E44; G10
I. INTRODUCTION
Broad money holdings have become substantially susceptible to financial market fluctuations since the early 1990s. During the late 1990s, broad money holdings rose sharply in the United States after many years of stagnation. A measure of real balances grew by about 1 percent per year in the 10-year period spanning 1987-1996, much slower than real output growth. A large literature at the time sought to explain the "missing" money demand (see Duca, 1993; Carlson and Keen, 1996; Feinman and Porter, 1992) . By contrast, in the 9-year period spanning 1997-2005, real balances grew by about 5 percent per year. Since 1990, financial markets have been quickly changing and at times unstable. A decline in financial transactions costs may have promoted substitution between monetary assets and financial instruments. During much of the 1990s, U.S. blue chip stock prices were rising rapidly. During 1998 During -2001 were sudden shocks to liquidity in international financial markets, which policymakers have explicitly linked to an increase in money demand (see Board of Governors, 2002) .
In this paper, we argue that broad money holdings are part of the overall portfolio of investors and are therefore susceptible to financial market risk. We estimate the U.S. money demand functions augmented with measures of risk in both stock and bond markets. We find that, after controlling for these financial market risk factors, money demand recovers stability.
In particular, we find that financial market risk factors can explain a substantial share of persistent fluctuations in money demand since the early 1990s.
The stability of money demand is important for the success of a monetary policy that targets a monetary aggregate, because one cannot predict the effects of changes in the money supply on interest rates, income, and prices, without knowing the money demand function.
However, amid rapid financial innovations since the mid-1970s, the empirical link between money and economic activity appears to have weakened, and the traditional money demand specifications become prone to instability (see Choi and Oh, 2003; Duca and VanHoose, 2004) .
The de-emphasis on monetary aggregates and the adoption of an interest rate policy rule have led to models of monetary policy in which money supply is infinitely elastic to the interest rate, and thus money becomes redundant in the presence of the interest rate, as noted by Leeper and Roush (2003) . Nevertheless, a growing literature reveals a renewed interest in the role of money in the transmission mechanism (for example, Meltzer, 2001; Nelson 2002; Dotsey and Hornstein, 2003; Leeper and Roush, 2003) . 1 Further, understanding money demand in the context of portfolio allocation is increasingly important with the increased influence of financial instruments on the asset positions of households and businesses, which affect the sensitivity of money demand to financial market risk (Carpenter and Lange, 2003; Duca and VanHoose, 2004) .
For a number of periods in recent history, the traditional model has persistently over-or under-predicted the demand for broad money. Particularly during the early 1990s, the demand for broad money fell sharply (see Duca, 1992; and Orphanides and Porter, 2000) . Many authors connected this with increasing holdings of stock and bond mutual funds by households. It was argued that reduced transactions costs allowed for increased substitution for these assets. Some authors adjusted empirical money demand models to control implicitly (Carlson and others, 2000) or explicitly (Duca, 2000) for these changes. To account for the increased importance that monetary assets are used as substitutes for return-earning assets and for transaction purposes, an existing strand of the empirical literature on money demand suggested adding mutual funds to M2 (Collins and Edwards, 1994; Orphanides and others, 1994; Besci and Duca, 1994; and Duca, 1994, 1995) . However, the reversal of the trend in money demand beginning around 1997
suggested that the previous efforts were incomplete. Recently, several papers have examined the short-run relationship between the stock market and money demand. Carpenter and Lange (2003) find that unexpected increases in stock market dividends reduce the demand for money. Dow and Elmendorf (1998) and Carlson and Schwarz (1999) find that both increases and decreases in 1 Meltzer (2001) emphasizes the real-world relevance of real balance effects. Nelson (2002) finds that real base money has a direct effect on real output independently of the short-term interest rate. Leeper and Roush (2003) show that money provides important information not contained in the federal funds rate. Dotsey and Hornstein (2003) suggest that money could be a useful indicator for a policymaker if money demand is more stable than it appears.
stock returns have a positive effect on money demand. Duca (2003) find that the sensitivity of money demand to equity shocks is negatively associated with stock fund loads.
To emphasize the role of the risk of returns on financial assets in asset substitutions, we employ the Keynesian liquidity preference theory that an economic unit holds money for transactions and investment reasons. Money takes part in the composition of investment balances partly because the economic unit has expectations or fears of loss on other assets. Tobin (1958) suggests that asset substitution between money and financial assets such as bonds and equity responds to returns and the risk of returns on financial assets. Although decades ago not much empirical importance was attached to the risk of returns or financial market risk, financial market development has boosted active assets substitutions across money, equity, and bond markets, rendering financial market risk increasingly important. As we illustrate briefly in the appendix, an extended version of Tobin's liquidity preference theory suggests that money demand increases with financial market risk.
This paper examines a link between money demand and two measures of financial market risk. 2 One risk measure is associated with stock market risk. There is a growing awareness that substantial and persistent fluctuations exist in the systematic or aggregate liquidity of financial markets (see Amihud and Mendelson, 1986) . Standard measures of market illiquidity such as the average bid-ask spreads (Chordia and others, 2000) or price impacts of trading levels (Amihud, 2002) change substantially over time and have negative impacts on stock returns. Pastor and Stambaugh (2003) and Acharya and Pedersen (2005) show that stock market illiquidity helps explain the cross-sectional variation of stock returns. Evidence from the asset pricing literature suggests that when markets are illiquid, investors are willing to pay higher prices to hold more liquid assets. Fujimoto (2003) shows that macroeconomic shocks affect stock market liquidity. Choi and Cook (2006) examine the interactions between stock market liquidity 2 A large literature uses measures of aggregate risk based on both the dynamics and the cross section of conditional financial market returns (see Harvey, 1989; Cochrane, 2001) . and the macroeconomy for Japan and find that a decline in stock market liquidity leads to a rise in money demand. Another risk measure is default risk in bond markets defined by the yield spread between low-rated debt and AAA-rated debt (Jagannathan and Wang, 1996) . Money demand would increase with this risk if money were a relatively good substitute for bonds.
Our work is preceded by several other papers which emphasize the impact of macroeconomic risk on money demand. Choi and Oh (2003) suggest that uncertainty about the future affects current money demand when the money stock must be chosen in advance of shocks to the economy. They examine the impact on macroeconomic uncertainty on narrow money demand to resolve several puzzles. The innovation here is the inclusion of asset pricing factors to represent uncertainty and risk. Carpenter and Lange (2003) find that a measure of implied stock market volatility is associated with long-run broad money demand in the late 1990s. Greber and Lemke (2005) use state space methods to derive an index of macroeconomic uncertainty to explain fluctuations in broad money demand (in the U.S. and Europe). By limiting ourselves to a small number of asset pricing factors, we not only avoid the challenges of constructed regressors in measuring uncertainty and risk but also find evidence that money demand has been sensitive to two well-recognized sources of financial risk.
During the last 15 years, money demand has gone through the persistent swings which are unexplained by conventional models of money demand. We find that such swings in broad money demand are substantially attributable to stock market liquidity risk and bond market risk.
Our financial risk model of money demand outstrips the conventional model in the out-of-sample prediction of money demand, capturing the remarkable increase in money demand that occurred at the turn of the new millennium. Also, short-run changes in broad money demand are strongly associated with variations in financial market risk since the early 1990s.
II. DATA

A. Measuring Financial Market Risk
We begin with a measure of aggregate stock market liquidity developed by Amihud (2002) . The illiquidity of stock j in month t is defined as the average ratio of the absolute value of the daily returns relative to turnover. 
where n = 1,2, 3…, Days t represent the days of month t,
Return is the ex-dividend stock return of security j on day n of month t, and , j t n Turnover is the value of shares traded (measured in millions of dollars). When a relatively small amount of market trading induces a relatively large change in the price of a stock, the stock market is thought to be relatively illiquid.
The aggregate measure of stock illiquidity in month t is the average of because a large return with zero trade today will be followed by zero returns tomorrow (no further price changes), and thus suggesting zero value of the measure (no change in liquidity). Table 1 .
We also examine risk in the bond market. We use a very simple measure of default risk, the spread between yields on BAA-rated bonds and the yield on AAA-rated bond, Default 
B. Measuring Money Balances, Opportunity Cost, and Income
To find the effect of financial market risk on money demand, we construct a broad measure of the money stock that includes monetary assets used both as substitutes for returnearning assets and for transaction purposes. Previous studies including Dow and Elmendorf (1998) , Carlson and Schwarz (1999) , and Duca (2003) identify money market mutual funds as potential gateways through which changes in stock market returns would affect money demand.
In line with broadening the definition of money by Collins and Edwards (1994) , Orphanides and others (1994) , Besci and Duca (1994) , and Duca (1994 Duca ( , 1995 , we define a broad money supply, M2PF, which includes money market mutual funds as well as other components of broad money:
M2PF = M2 + Institutional Money Market Mutual Funds (IMMMF).
5 One notable measure of money, zero maturity money (MZM), includes large money market mutual funds on the grounds that they are checkable on demand. Unlike MZM, our measure (M2PF) includes small time deposits that have relatively high liquidity.
5 Earlier studies (Becsi and Duca, 1994; Duca, 1994; Duca, 1995) suggest that M2PF yields more accurate forecasts of inflation in the early 1990s than does M2 within the P-star (the long-run price level implied by a stable income velocity) framework (see, for the P-star model, Hallman and others, 1991) . Some other studies show that the demand for MZM may be stable over time at least up until the expansion in money demand in the late 1990s (Carlson and Keen, 1996; Carlson and others, 2000) . were initially attributable to falling financial costs for investing in stock and bond mutual funds.
However, in the late 1990s money velocity began to fall drastically reaching in 2003 a trough more than 20 percent below the level in the early 1990s. Although this velocity drift could conceivably be associated with interest rate movements, we show below that it is not fully explained by standard measures of the opportunity cost of money holding.
We measure the opportunity cost of holding each monetary aggregate as: The unit root hypothesis is not rejected at the 10 percent level for real balances, the opportunity cost, and real income. 
III. FINANCIAL MARKET RISK AND BROAD MONEY DEMAND
A. Traditional Model and Financial Market Risk Model
We first estimate a traditional money demand function:
where M t is a monetary aggregate, GDP t is quarterly nominal GDP, P t is the GDP deflator, and the opportunity cost is oc t , as defined in the previous section. The transaction and precautionary motives of money demand suggests the income elasticity, β 1 , far less than 1.0, whereas the quantity theory of money (Friedman and Schwartz, 1982; Hallman and others, 1991) or a general equilibrium monetary model (for example, Lucas, 2000; Choi and Oh, 2003) suggest a unitary income elasticity. Empirical studies tend to provide the income elasticity of broad money in the vicinity of 1.0 (see Sriram, 2001 ). Since our measure of oc is tantamount to a semi-log specification, β 2 can be interpreted as the (long-run) interest semi-elasticity. The sign of β 2 is negative, but the magnitude of β 2 is not well guided by the theory or empirical studies-although the inventory-theoretic model suggests the interest elasticity of -0.5 (see Lucas, 2000) . For broad money demand, Carlson and others (2000) find that the income elasticity is largely in the vicinity of 1.0, and the interest semi-elasticity is in the range of -2 and -6.
The traditional money demand theory suggests a long-run relationship among the variables in equation (2). Given the evidence that these variables are integrated, we estimate a cointegrating vector for four broad monetary aggregates: M2PF, M2, M2M, and MZM. We compare two estimators: maximum-likelihood estimator based on a vector autoregression (VAR) system, following Johansen (1988) ; and dynamic ordinary least squares (DOLS), following Saikkonnen (1992) and Stock and Watson (1993) . We choose the leads and lags in the DOLS estimator to optimize the AIC with a maximum of 4 leads and/or 4 lags. We choose the number of lags in the VAR to optimize the Schwartz information criterion with a maximum of 5 lags. For the DOLS estimators, standard errors are calculated using Newey-West estimates. We also report the Johansen trace statistic with the critical value at the 5 percent level, adjusted for sample size and number of lags (Cheung and Lai, 1993) .
As opposed to the prediction of the traditional theory, however, we find no evidence on the long-run relationship for all monetary aggregates. Table 2 Duca (2000) and Carlson and others (2000) emphasize that during the 1990s consumers experienced a permanent downward shift in financial transactions costs for investing in stock and bond mutual funds, leading to a drop in holdings of broad money. Given the lack of direct information on financial transactions costs, we also use the break linear trend, t 9094 , which is zero before 1990 and increases thereafter at a linear rate until it reaches 1 in 1995:Q1, as in Carlson and others. For the 1970-2005 period, however, the trace test fails to reject the hypothesis of no cointegrating vector, as reported in row I of Table 2 . Nonetheless, the DOLS estimation of the cointegrating vector with t 9094 as an exogenous, deterministic term yields that the income elasticity is remarkably close to one, and the interest semi-elasticity is -4.0. The coefficient on t 9094 is negative and significant at the 5 percent level, suggesting that money holding decreased with the reduced financial transactions costs in the early 1990s.
As suggested by the liquidity preference theory in the appendix, investors are willing to hold more liquid assets when the risk of returns on financial assets becomes higher. We introduce two financial risk factors to account for substitution effects in the composition of the portfolio of assets. One factor is liquidity risk which contains information about the future course of returns on equity. Another factor is default or credit risk to account for substitutions between safe bonds and risky bonds. 7 We thus estimate our benchmark financial risk model given by 
where β 4 and β 5 are expected to be positive, since people substitute money for equity and bonds which entail less liquidity and higher credit risk than money.
With the financial risk variables, we find evidence on the existence of a long-run money demand relationship and the unitary income elasticity of money. As shown in Table 3 , cointegration tests reject the hypothesis of no cointegrating vector at the 5 percent (1 percent) level for M2PF and M2 (M2M and MZM). The coefficients on Default Risk t and Liquidity Risk t are positive and highly significant in most cases-consistent with our financial risk model 7 We represent safe securities by AAA-rated bonds rather than Treasury bonds, given the liquidity differential between Treasury bonds and corporate bonds owing to, for example, the callability of corporate bonds (Duffee, 1998) . The default risk variable is independent of the opportunity cost variable that is based on returns on risk-free assets. The liquidity risk variable contains significant information about the stock market, which is not included in the opportunity cost variable.
predictions-except for the DOLS estimate of the coefficient on Liquidity Risk t for M2. The coefficient on Default Risk t tends to be greater for M2M and MZM for the Johansen than DOLS estimator. The income elasticity and interest semi-elasticity coefficients are more similar across the estimation methods than in the traditional model. In all cases, the income elasticity is close to one. We cannot reject the hypothesis of unitary elasticity at the 5 percent level for the Johansen estimates in most cases except for M2, while we can reject the hypothesis at the 5 percent level for the DOLS estimates in most cases but MZM.
Considering that stock market liquidity risk reaches a peak near the end of the sample, we check if our results could reflect a secular trend. Row I reports the DOLS estimates including a trend term. Since the inclusion of the trend term, which is significantly negative, roughly doubles the income coefficient, we concentrate on specifications without the trend term.
Why do the financial risk terms help recover stationarity of residuals from the cointegrating vector? Notably, the estimates of income elasticity and interest semi-elasticity are similar across models. This means that differences in the behavior of the error correction (EC) term are largely attributable to the financial risk terms. The standard deviation of the EC term, residuals from the cointegrating vector, is much reduced when financial risk terms are included with the Johansen estimator but not so with the DOLS estimator. To have a closer look at this issue, we depicts in Figure 3 the EC term, ˆt ω, after 1990 based on the DOLS estimator in the traditional and financial risk models for M2PF.
Turning to the details of the graph, the financial risk model outstrips the traditional model after 1990. The traditional model persistently overpredicts money demand by 5-10 percent during the early-to mid-1990s. This pattern switches in the late 1990s. For 1970 For -1982 , however, it is more than 10 percent for the financial risk model and is less than 5 percent for the traditional model.
B. Alternative Specifications with Different Sets of Risk Measures
We consider alternative sets of risk measures to see whether we can draw additional implications by doing so. In this exercise, we confirm that our financial risk model of money demand resumes a stable money demand relationship parsimoniously, and that the result is robust to the window size of moving average and the normalization of liquidity measures, and a different approach of measuring stock market liquidity. The DOLS estimation results are summarized in Table 4 .
First, since accounting for financial risk substantially increases the ability of the model to explain money demand after 1990, the exclusion of one of the two financial risk variables results in a lower model predictive power. 9 In the model setting β 3 =0, the coefficient on Default Risk is positive and significant at the 1 percent level (column A). Alternatively, in the model setting β 4 =0, the coefficient on Liquidity Risk is significant at the 5 percent level (column B).
Next, we also conduct robustness checks of the choices we made in construction of our benchmark measure in two ways. In the first check, we use only one-period lag of the aggregate market capitalization in measuring illiquidity before taking a moving average to construct a measure of Liquidity Risk:
In the second check, we use the variable illiquidity itself as a measure of liquidity risk without taking a moving average across time (column D). In both checks, the trace test suggests the existence of a longrun relationship, and the DOLS coefficient estimates are highly significant and similar to those in the benchmark regression.
We also estimate the model using the Pastor and Stambaugh (2003) Column E shows that the trace test rejects the hypothesis of no cointegration at the 10 percent level and that the coefficient on PS is highly significant, while the remaining parameters remain unchanged. This demonstrates that our results are not specific to a single measure of liquidity.
We introduce a stock premium in place of liquidity risk since the stock premium in part reflects that equity has riskier returns and thus less liquidity than monetary assets. The model is estimated with the DOLS and the Johansen methods for different periods tracking back the end point of the sample period. The estimated results in Table 5 suggest that the role of financial risk variables in money demand model is manifested only when the sample period covers the 1990s and recent years. With the inclusion of the financial risk variables, we 10 Over the course of the sample period, the EC term for the financial risk model is very similar regardless of whether Liquidity Risk or Stock Premium is used: it has a slightly smaller standard deviation with the use of Stock Premium (0.063 versus 0.067), which leads to less overprediction of money demand for recent years. 11 Greber and Lemke (2005) suggest the spread between the AAA bond rate and a Treasury bill rate. Using the 3-month Treasury bill rate in place of the 5-year Treasury bond rate, however, resulted in an insignificant coefficient on this measure of corporate spread.
are able to reject the hypothesis of no cointegrating vector at the 1 percent level, regardless of the sample periods (while not for the conventional model as shown in Hallman and others, 1991; and Hafer and Jansen, 1991) has found that broad money demand was stable before 1990.
D. Error Correction Model
Our estimated cointegrating relationships suggest that a long-run relationship for broad money is supported by the financial risk model. Thus, we estimate an error correction model (ECM) to allow for a richer array of short-run dynamics as well as to reflect the long-run relationship. We consider a general form of ECM as follows: were not significant at the 10 % level and thus not included. Table 6 The ECM for the financial risk model passes tests for serial correlation, autoregressive conditional heteroskedasticity, and normality, while that for the traditional model does not pass normality at the 5 percent level. Both models marginally pass the RESET test for functional form specification at the 5 percent level. We also find that the cumulative sum (CUSUM) test and the CUSUM squares test do not reject structural stability at the 5 percent level for both models.
Further, we find that Hansen's (1997) procedure of the structural-change tests for the ECM, which account for the uncertainty surrounding the date of the structural break, suggests a high stability for both the financial risk and the traditional models. Figure 5, panel B) . However, the financial risk model predicts less money holdings than has actually occurred since 2004-this may be indicative of a buildup of liquidity owing to some unidentified factors. This result is based on the out-of-sample forecast over the three-year horizon using the ECMs estimated for 1993:Q1-2002:Q4 (reported in panels C and D). The forecasts of financial risk model deviate from the real balance by -0.8 percent in terms of ME and 2.2 percent in terms of RMSE, whereas those of the traditional model deviate by 2.0 percent in terms of ME and 2.3 percent in terms of RMSE.
13 Following Hansen's (1997) procedure, we find that none of the "Sup," "Exp," and "Ave" statistics of the Lagrange multiplier test rejects the hypothesis of no structural change at the 10 percent significance level. This paper examines empirically how changes in financial markets affect the holdings of monetary assets, considering that the expansion of new financial instruments such as mutual funds affects liquid asset allocation by households and businesses. As the cost of investing in stocks and bonds for ordinary savers has fallen, holdings of bond and stock market mutual funds have become more prevalent. Earlier studies have argued that this factor resulted in a secular change in broad money demand. We argue that broader holdings of monetary assets may also make money holdings more sensitive to financial market risk. We show that long-term fluctuations in financial market risk can explain the persistent fluctuations observed in broad money demand in the last 15 years. Money holdings increase with stock and bond market risks.
However, the significant sensitivity of broad money demand to financial market risk indicators is a phenomenon that becomes relevant after financial market deregulation. We find that the effect of financial market risk on money demand is most pronounced since the early 1990s. This paper suggests that accounting for the evolution of financial markets is conducive to regaining the stability of broad money demand. To the extent that the information value of money demand in predicting future inflation retains, policymakers may need to pay attention to the implication of a persistent shift in financial risk for future inflation. Therefore, it will be interesting in future research to examine how money holdings, interacting with financial markets and financial innovations, respond to shocks to the economy and thus affect economic activity.
Also, an analytical relationship between money demand and financial risk in a shifting environment of financial development can be examined by accounting for financial transactions cost and substitutions in broad portfolio of assets-for example, substitutions between money and equity when investors face liquidity risk (Lerner and Schoar, 2004 )-in an optimization framework, a topic worthy of further investigation. Further, there remains the need for seeking better surrogates than a broken time trend or a time dummy for the shifting environment of financial development.
Appendix: A Model for Money Demand and Financial Market Risk
We consider a simple static model rooted in Tobin (1958) pecuniary returns from holding money as it facilitates economic and financial transactions-à la the money-in-utility function approach (see Choi and Oh, 2003) .
The representative investor chooses the investment composition of the portfolio to maximize the expected utility from the portfolio that comprises financial assets and money: The expected return on the portfolio represents the opportunity cost of money holding. The risk of returns pertains to capital gain/loss and uncertainty in dividends for equities; and capital gain/loss and defaults for bonds. In linking money demand and financial market risk using actual data, we map the risk of returns with stock market illiquidity for equity; and the return spread between safe and risky securities for bonds. (Ng and Perron, 2001) . P-values are in parentheses. Notes: The estimated cointegrating vectors along with standard errors (in parentheses) are based on the Johansen and the Dynamic Ordinary Least Squares (DOLS) estimators. For the DOLS estimator, the Newey-West heteroscedasticity and autocorrelation robust standard errors are reported. We report the Johansen trace statistic for the null hypothesis of less than one cointegrating vector along with a 5% critical value (in parentheses). **, *, and † indicate significance at the 1%, 5%, and 10% level, respectively. Notes: The estimated cointegrating vectors along with standard errors (in parentheses) are based on the Johansen and the DOLS estimators. For the DOLS estimator, the Newey-West heteroscedasticity and autocorrelation robust standard errors are reported. We also report the Johansen trace statistic for the hypothesis of less than one cointegrating vector along with 5% critical values (in parentheses). **, *, and † indicate significance at the 1%, 5%, and 10% level, respectively. .0000005
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